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Optimization of Information Service of Communication
Engineering Based on Big Data

Qichao Wang

China Communications Construction Second Engineering Bureau Co., Ltd. Eastern Information Industry Branch, Hang-
zhou, Zhejiang, 310016, China

Abstract

With the rapid expansion of China’s communication infrastructure and telecom service systems, the traditional informatization
service system for communication engineering faces challenges such as increasing network complexity, diversified user services,
and the coexistence of demands for improving operation and maintenance efficiency and service quality. This paper first defines
the connotation of informatization services for communication engineering, then analyzes the potential value of optimizing
informatization services for communication engineering based on big data technology, starting from the current development
status of the communication industry under the background of “big data + communication” integration. It focuses on exploring the
improvement of network optimization, service quality management, user behavior analysis, fault prediction, and resource scheduling
capabilities through big data methods. The article further proposes five actionable optimization measures suitable for China’s national
conditions, combining practical experiences of typical operators in network big data platform construction, data sharing architecture
design, intelligent operation and maintenance, real-time monitoring, and feedback mechanism construction.

Keywords

big data; communication engineering; information service; optimization; significance; measures

ETAREENREIZE2URSMMK
T
rh L R — TRERARRA FARIE S AR, HE - #il AU 310016

=

K& B4 sk BT RS A ik iR, HRIEIE TR AR R R @l W& Ze 3 im . A P 5 % AL
BAE B RGBSR BRI E R AR, KL B AR iBAE TRZ BRSNS, FBMNBETLE “KRAPE+E
27 BAT R THRREIKRE L, AT REBEHE AR EE D445 BACIRSRACR B AL, £ 83T KRBT &
RAAMALEAC, BESREETHE, A PAT AN, HETRNE FRAER S, LFt—F R BES T E B LR T EUAL
W, FELGRABZEHEMNERMET SR, HBEFTRMET. Faetbid g, ot lim b AR M s 7 @l

KA
KAHE; B3 A5 BAMIRS; fhie; L H#k

15|58 W E RS S & B B LB Nk TR R (E

TREERMIRS IULRITRTT, DtE%.
EEFH2IRA R R T, BE TEEE TR FIRR LR LRI, P

RO, AT b R R e TR, Sacm 2 B1E LIEE B UARS TR
{5 ARG DL R P PR SEBRAEE, I RS R sk S B TS BLBR S e S R B AR | B8
BAGLRAEN. BT AR TR AR 2—fy AP OEEETRD, HELEARSBE TGS, P
SHIHR, ST TRE RS R D, P BHRESE, LSRRI SR
R e W URS R, RS ERRREEER . BN, 5
HE, AEEHIHBE LEEMMORSRESRE. TU8 ) simmts. DC /MR LEE. AR, 2.
N o Pl il PR SE T MR, RSB E R (1)
UFEEA] ZRE (1980-) . B, PEIBESEN.  yvmwe  hERBEEAATRATS ) R
AR, BRLEM, MBAFNARBEBSATTEMEEEN  mais (EwiEs. s, P s, 56 BahsEs)
TEENHTEERISS O EEVN R FOTRIE, 35 HoEFE B (54 CHINANET ) M w7

1



BEERFSTIEMR - F 075 - £ 031 - 2026 £03 A

LEF IDC T34 B O3, Al Rbr. B,
BV PRROVEIFEESE . sk . TAIRS | HEELSS .
W% A\ SITE S —RMBEE RS

SETXRHEENBEIREGEEREURSMUEN
TEL N . P . =IHER15G / F—RaE
ERREET, WEAPEE ., AL, SR
HiEmES R UK, BdRRitbhEaiEs 580
TET TR A EER . IR PS4 SEiEE . il
TRERREELHMEN . BSR4 2=
DL BB T . IR . et IR sk, & T
REHER AR NS TREEEMIRS L, GERfEEIRE M
T . BRERS. APEA. REST. F9EE.
HPRIL RS LIRS, IS —OBIERE . k. oS
TRHAETT, WINERRE . APFK . TIERIFRCE . IBER
Pt TR SN, YT aEmEms, XA
BRI RAC S TRIRIRROREREE | RTINS R RS s,
AT AP AR IS S SR . B i P4 ] FEt: SRR 25
R P,
4 BT REHENEE IRRE BRI LIETE
41 HESG—MNERFELEZE5EERTE
APEFEAERE S MR SRR, NES—OAEIE
LEEEEYS, BEA: 5%, BERESIRAE. &
FEETE RAN, Core, &, IDC SEAMKIYEREER A,
KRG TUERE XNt EN: . MRS FHE X, i
AR A GERSS SR EARERFIFSIAEERRES
5¥IXA¥ Kafka =@ Tima G, ABIRTH T3 TR S58
THRIEE . SNSRI 5E, H IR
TEAETIR Z A7 A TS IR & AN R e dm 65 DA B {57 58
PEFFSEATAIBIRE T, [RIHAE SRR B SO 22 4y Ba Al S BB A
STHERHLEIHAE & ST 5B IAINS LI R A EDR .
W, —h e 5B FEHE, WEFETESENEdET &,
RN GAFiE 5 SR E S A D Parquet 5 ORC, &
THEMZEREIFISE . MEESIRSEZESIX,
HUEH T TTEOEIR S S I SoEE LR R E R
PEASEIES RBAC SRS 140 HEHE, WML, HlbEe
AL 57 BTN 245 AL RESTAPI, GraphQL #2171
SRR BIRE D B e EAEIR S B S e i S
CI/CD Ji7K &R Rpan At T S nla ik, &5, Sitn]
MEFERESE, HT iR — R85 %5 AlOps HEZRSL
PUSEI AR . S B 1 S AR B T O bRl T 0E,
Bt DL 2 5 SR AN 1) T 5 B )L fE SRR RS [ Hupl
B, B RIS [ AT HEFRAE AL Y AT TR B B
A A RIS G, IRFER S HE SRR (RIS
(ot SRR, W24t SLA 55 KPLIEMI(ERE, FIR
SR B T RAL S 5 L T I B O 2 SR R R AR A S R IS

2

[T B SR AR S G g RIRE S T 5N
FEDI R B R
4.2 EABES TSV HEF I HITME KRS
T 1 2 4P

FEREAEN- S HESE N Walge T [ o0 4514 BE 1 Al e
T, —RENTTIER, F4EE. tREES5HPTA
FEA, (EDZMTERD B DR | Bk S5t
WFFERE, H5 | A AT S D ZE N E R S 5
fio ZETHITH I EREBNZSES, HlE 2 RERHE TRR
B, BRI DS | e . CUSUM AT
BV SHEEHEM, A L B Sa0TRoiE R D
TUAHIE DL IEEAHETRENERE . SRR Y B 5B AN
25 SRR AR AHIB, I EIRZE S4B PR
2 AR DI IGRIRE, HimHPiE . §s iRt &R
MRS S, T SYERETNE & KA CIZ M4 5 T
PSR T, BEASSR . EAIH DI EREA A O # I EE
AYNEFER T, (E B ZIN Bamid 7 5 5 S R SRR
BRESONRTTZR, OB R AT SRR A
JFIEIRBEEREE, Heh MEC (AT SE R TR H Lk
BHEENE, WEINEEROR . PR IR E R HE S R R
Mo PR R SR AR R A A B 4R S [ DL AR R
AT TSR RSN, Himd AT R i 2 IE
DIHRAZFEA T E R, A EEN CI/CD Hii/K& iyl
5. [ S oA dl, R AFEL AB S5 AT
(AR SRR AR H FEFRAL R 5 R o5 A T295R, DACRIIE
AFEIERAENE B B MR BRI A T SRS BRI
T2, W REEEE T — SR F E S BaFA S T R
FIRIFHPEREE, FEESE R TuEs D FAA T T
BUPRESHRAEAE R . S IINFEFR S 55 KPT 2 SLA L&,
e R RS SEE, PIRREE D . [HRRESE R
BRAIH LRI U i XSS T R T TR B A
4.3 L MERETRUE TR R EVH

FETH—EIRERA, WESERIIE R, KM%
Fh RS (BRI R | (SR . FEROUEL
WS RBEERE . AP G 52e BB RES N2 REN
P2, RARACHE LS MO ERE TR 5 R
MR R Y R Siebt 2o | LB = IairsE 8, M
REr M E BB F—EE S B IEE ). FE TR
R, EITHEAEES 2, SRR . TESHTE,
SIS ERRIR L S %S SLA 4955 XI5, TRERT
D3 s K a B SR SR TR s L, BUTE DL
SDN/NFV 5 BGP/MPLS ZgHERE D S0 s S S5 ks s

o TIEATERAE I —H RS RS, Fa. W, i

ZEL ISR, RIS ERE . BER S S5
AP FEIVEEE, R TE R A AL S 7EZE Lyapunov J5ik
ERE 2RI E SRERETERR, H 5 I AMESEH oY BORRS,



FEENES5TEMR - £07%5 - F 034 - 2026 £03 A

PRSI S IR L S RIS HRE LRI . A58 AR B
FERNEIAS S S[RlENUH], (RITADIE A SR SR
BRFERARERT SN, AR T8 mE AL A RS
ESREVE, FESHTASEER BiEaE it
TG bR . TR H SRR KL, HLLRISIX
ST ER A S A PRI H P, A4 SLA $84rA]
ISR SRS, 5 AmE Y AlOps SIS H iS5t
BEEQr, il EARA R SR TR o

44 MERFIESEREETE, TUEFIUESE
RELAR S5 R P&

AT REIRNEREE 4P B N2 B EdEh 65
IPFPAEbR, S— K&, MTT, g, farh, 5% A
FATASZEHE, X EIARIET ETL 518 XAUhRE
PRI AT T AORE RS 5 T E IS . P EFHRTHAE
TS B FHERERRE HIR S Teal, SEEREES
P B ZEME P T BN R AR TR . sk
RERPRIE > R E SR S R R E A 4t,
FEAR R ENE AN B (S ARSI T TR, DR E SRR
PREEH I SEE A e GO A SEE B A . RIS |
5 Bt AR RIRE SR ST, 7
A [ FEIME S5 B 5 55 AL B AL I S B A B R 2242 0
TTEIREER AT . T4 DDoS M FaaHh# ASE 5
Ky, NAPEIELE IS HEN EER, Saitiis
8, AT ATRE SR EE P sy B B TRl SR R B
PRSRES . ATRTHE AU SRR, RAR Tl AR
S ORRPER S, R /DRSO . ARZR I AUE e
MBI MR SRS, RIS A Ay bR AR A
PRGESE R SRS R GSIE . B4 AIEATR S, 1207 o3k
PITEEEENBUKG, BEDAREIHSEL AB L5
PP SRR R R AR A SN B Zh 8T, 49 A SLA
55CHE KPI Y RISHAER, Il 200 BRIz I 5 22 43 B
R ARSI 5 A ™,

45 MARRITASLSHREHITRSREEES
MER RS

T AP A5 S ERI RS B S MEL L
&, RIS RN, ARSI S EE
B, PR D S ETL K2k S mdEE1d,
BIERIFPXS S ZIRTRERE . LSRR EZE S
PR L R S K . BTk, RAZ ARG AIT

LE AR 54y 2 DI B0 A P B R s a2
FIRIT A FEF IR B/ AT F AR A 550 A LSTM i ER 231 4%
VR HRHRHE A 2 BIAE LR RHE 7 5 L SC I 5 SRS ok
M. RWEEEETE AL BRICREERS, DAFREER
T NRES A B R AR B E 5 NGRS (]
1, HAEEHIEE RS R S F S A UL R RS T 2
G W TEMESBERF, Mg EmY R aE &4,
AR ESR . WAINELS RN SLA FiEuE,
FEAE BB fik % T B s #1575 58 I EE & PCRF 5 PCF 3%
Mo AL S M R SR 5 22 F0 B2k AB IBa 1l A
[ P SEE T NI, HRI IS RTEL& S >
FAA EHEE S B ST P RS SR B BYEE
TEN S E LN R AN EAE R D S 2 R R R TR S0R
Bl ESEIR, [R5 CDN & MEC Wh[RSCHY S5t
TR DIEIRARImINAE . R ARG T SRR AL HA ]
WVREE AR, HiEid 554k OLAP M7 S57E4L Flink &1E 1D
IFi] 52 5 SR IR S BnIE SR A A AT o
5 #5ig
LEEORE, PEMIEE M SN E L. B
BHES SSTEAZE, BaamE TS BMARS IR AMEDL
AR SiE. Hieb. Rk, BT AEUE
FoR, s —EdE e . s REIRS T STleE .
SN AR S A . BERResdE, DURIRIER T
AACAR S Fis, seis v TIEE BIUIR S LR atRl
. AJEE AT EEE SR, B AEIERA A
Wrogss . FEGI S SIS, T REdENEE
TARE BALIR S ALK B A S S 1T\l A FE8 % R 5k
SRR EE T
S 3k
(11 ZHRIEFRBIRRSEE TRUE BRI ST T[]
ORI (45ghi) TRER, 2023(011):000.
2] . KEUERBE TG BARS ASEI A P,
2024(8).
[3] HigEsH AT AEARRARM MBS TR IR, 2024(17).
[4] BHEIET REAR R hmIE WA AT B TR S TR,
2023.
[5]  ZEbhid MRS S E T RBAR O HT I RS 1815 TR ERE (L
WP 05 B S, 2025, 37(2):10-12.



FEEMZEETIEMR - $07%5 - £ 0341 - 2026 £03 A DOT: https://doi.org/10.12349/iser.v7i3.9471

Construction of a High-level Persistent Threat Monitoring
System for the Natural Resources Database

Xiaojuan Ma' Nan Su’ Zhipeng Tian’ Shanshan Ye'

1. Natural Resources Information Center of Ningxia Hui Autonomous Region, Yinchuan, Ningxia, 750000, China

2. National Computer Network Emergency Response Technical Team/Coordination Center Ningxia Branch, Yinchuan,
Ningxia, 750000, China

3. Ningxia Hui Autonomous Region Ecological Environment Information and Emergency Center, Yinchuan, Ningxia,
750000, China

Abstract

Advanced Persistent Threats pose a severe challenge to the secure operation of natural resource databases. Their characteristics of
concealment, persistence, and destructiveness can easily lead to data leakage, tampering, and system paralysis, threatening national
resource security and the effectiveness of ecological governance. To build a scientific and efficient monitoring system, it is necessary
to integrate multi-source data fusion, intelligent recognition algorithms, and dynamic protection mechanisms to achieve real-time
perception, precise positioning, and rapid response to threat behaviors. By establishing a multi-dimensional monitoring indicator
system, integrating various types of information such as network traffic, data access logs, and system behaviors, and combining
intelligent analysis technology to identify abnormal patterns, a closed-loop management of “perception - analysis - response -
optimization” can be formed. This system can effectively enhance the defense capabilities of natural resource databases against
advanced persistent threats, ensuring data integrity, confidentiality, and availability, and providing security support for the digital
transformation of natural resource management.

Keywords
Natural resource database; Advanced Persistent Threat; Monitoring system; Data security; Intelligent protection
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Analysis of Electronic Communication Security Technology
Based on Optical Fiber Communication Technology

Haiwei Zhao

Shenyang Branch of China United Network Communications Co., Ltd., Shenyang, Liaoning, 110001, China

Abstract

Optical fiber communication, with its significant advantages such as wide bandwidth, low loss, and excellent anti-interference ability,
has become the core support of modern communication networks. However, it must be pointed out that in many aspects such as link
establishment, signal transmission, equipment node operation, and data storage, optical fiber communication is gradually revealing
a series of security risks, posing a serious threat to information security. This paper analyzes the basic principles of optical fiber

communication and discusses the security protection technologies for electronic communication from multiple dimensions including
physical links, optical signals, data transmission and storage, and network architecture.

Keywords
Optical Fiber Communication; Electronic Communication Security; Network Architecture Optimization
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Full-Scenario Coverage and High-Performance Support:
Practical Solutions for Smart Campus Challenges through
All-Optical Wireless Networks

Fei Xue
Dalian Maple Leaf Vocational and Technical College, Dalian, Liaoning, 116000, China

Abstract

The deepening digital transformation of education has posed new challenges to campus network capacity and service quality.
Traditional campus networks often struggle with dual demands for comprehensive coverage and high-performance support, revealing
issues like weak coverage, insufficient bandwidth, complex management, and security vulnerabilities—critical bottlenecks hindering
smart campus development. This study examines the network upgrade practices at Dalian Maple Leaf Vocational and Technical
College, analyzing how all-optical wireless network technology innovatively addresses these challenges. Research demonstrates
that adopting technical solutions such as all-optical indoor architecture, hybrid optical-electrical cable power supply, and centralized
intelligent management enables seamless coverage across teaching, office, and dormitory scenarios while ensuring stable network
performance under high-concurrency conditions. This practice provides replicable technical paradigms for similar institutions and
offers theoretical references and practical insights for smart campus infrastructure development.

Keywords
All-optical wireless network; Smart campus; Network experience; Full-scenario coverage; Digital transformation of education
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Reliability and Verification System of Embedded Computing
Hardware Solutions in Industrial Scenarios

Laiyou Liu
Shenzhen Jiexingtong Technology Co., Ltd., Shenzhen, Guangdong, 518107, China

Abstract

In the context of the deep integration of Industry 4.0 and intelligent manufacturing, industrial grade embedded computing hardware, as
a key infrastructure, needs to achieve long-term stable operation in complex electrical environments and harsh working conditions. Its
reliability design has become a core challenge that restricts the development of the industry. This article focuses on the multidimensional
requirements of industrial scenarios for computing performance, real-time performance, security, and environmental adaptability. The
system proposes a reliability assurance system that covers hardware architecture design, software fault tolerance enhancement, full
lifecycle verification, and supply chain risk management. By constructing a three in one framework of "design verification management"
and combining verification methods such as functional simulation, accelerated life testing, and electromagnetic compatibility analysis,
a reusable industrial grade embedded hardware development paradigm has been formed, providing theoretical support and practical
reference for the independent research and development of highly reliable industrial equipment.

Keywords

Industrial grade embedded computing; Hardware reliability; Verification system; System architecture design; Whole life cycle
management
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Analysis of Key Technologies of Emergency Broadcasting
in Smart Radio and Television Network

Yu Fan

The Culture, Sports, Radio, Television, and Tourism Center of the 87th Regiment, 5th Division, Xinjiang Production
and Construction Corps, Wenquan, Xinjiang, 833417, China

Abstract

The Smart Broadcasting Network Emergency Broadcast is an intelligent, networked national emergency information dissemination
system built upon wired and wireless broadcasting technologies and modern information communication systems. To address
challenges such as delayed information release and imprecise coverage, it is essential to advance research on key technologies for this
system, ensuring that warning information can be swiftly and accurately delivered to designated populations during emergencies like
natural disasters or public safety incidents. This paper begins with an analysis of the network architecture of the Smart Broadcasting
Network Emergency Broadcast, then elaborates on critical technologies—including precise targeted dissemination, intelligent
collaborative scheduling, and big data analytics—to ensure reliable and controllable information flow from release to reception. The
aim is to enhance the coverage and precision of emergency information delivery.

Keywords
Smart Broadcasting Network; Emergency Broadcasting; Information Dissemination; Key Technologies
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Research on Identification Countermeasures of Database
Privacy Data Leakage in Software Development

Yanhui Li
Shanghai Shanda College, Shanghai, 201209, China

Abstract

As digital transformation continues to deepen, software databases contain increasingly extensive information. The leakage of personal
data and critical information within these databases poses significant threats to individual rights. In this context, it is essential to
establish comprehensive privacy data leakage identification and prevention strategies throughout the entire software development
lifecycle. Effective application of technologies such as sensitive data auto-identification, abnormal access and operational behavior
detection, data flow and transmission leakage analysis, and security vulnerability identification can enhance privacy data protection
capabilities. Building on this foundation, implementing core control measures during critical phases—including development, testing,
deployment, and operations—will strengthen the overall protection of privacy data.

Keywords
software development; database; privacy data breach; identification and prevention
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Performance Evaluation of Centralized Storage Network:
A Comparative Study of RDMA over Converged Ethernet
(RoCE) and Fibre Channel (FC)

Yongkang Qu' Yizhe Sun' Jian Zhang' Meng Li’

1. China Railway Information Technology Group Co., Ltd., Beijing, 100844, China
2. China Railway Information Engineering Group Co., Ltd., Beijing, 100044, China

Abstract

This study addresses supply chain security and technological monopoly issues arising from long-term reliance on foreign
technologies in centralized storage for critical railway information infrastructure. To mitigate potential supply chain disruptions faced
by core railway systems (e.g., the 12306 ticketing system and freight management platform) under traditional FC-SAN architectures,
the research utilizes the China Railway Cloud environment to conduct an in-depth comparison between FC-based centralized storage
networks and RDMA-powered indigenous high-performance lossless networks. The paper systematically elucidates the technical
principles of both solutions and evaluates their key performance metrics through empirical studies, aiming to provide theoretical
foundations and practical guidance for the large-scale deployment of domestically developed centralized storage networks in the
railway sector.
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Research on Multi-source Threat Intelligence Fusion Based
on Dynamic Credibility and Spatio-temporal Features

Ruili Li
Shanghai Digital Security Technology Co., Ltd., Shanghai, 200435, China

Abstract

To address the challenges of frequent APT attacks and Oday vulnerabilities, as well as the limitations of traditional static rule-based
detection, this paper proposes a dynamic credibility-based multi-source threat intelligence fusion method. First, a unified framework
is established to standardize the parsing of heterogeneous intelligence. Second, an innovative spatiotemporal dynamic evaluation
model is introduced: the temporal dimension utilizes LSTM neural networks to analyze historical performance of intelligence sources
and extract temporal features; the spatial dimension assesses the tactical coverage and logical coherence of attack behaviors based
on the MITRE ATT&CK framework. Finally, by integrating spatiotemporal feature parameters, the method dynamically calculates
real-time credibility weights for each intelligence source to generate a comprehensive threat score. Experiments demonstrate that this
approach effectively adjusts intelligence source weights, significantly reduces false positive and false negative rates, and enhances the
accuracy and reliability of threat response.

Keywords
Threat intelligence; Data fusion; Dynamic credibility; Long short-term memory network; MITRE ATT&CK; Network security
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A hybrid ant colony algorithm based on black widow
optimization and memory guidance for solving traveling
salesman problem

Hong Gao Yingchun Li’

School of Computer Science and Technology, Liaoning University of Science and Technology, Anshan, Liaoning
114051, China

Abstract

To address the shortcomings of traditional ant colony optimization (ACO) in solving the Traveling Salesman Problem (TSP),
including slow convergence and susceptibility to local optima, this paper proposes a hybrid ant colony algorithm incorporating Black
Widow Optimization (BWO) and Memory-Guided Mechanism (MGA), termed MGA-BWO-ACO. The algorithm establishes a
“warm-up-memory-search” tripartite collaborative mechanism: BWO warm-up generates high-quality initial solutions to accelerate
convergence, the memory bank dynamically accumulates search experience to guide ant path selection, and the ant colony algorithm
performs global search, integrated with local search and adaptive restart strategies. Experimental results demonstrate that the
proposed algorithm significantly enhances global search capability and convergence speed, improving solution quality and efficiency,
exhibiting broad application potential.

Keywords
Traveling Salesman Problem; Black Widow Optimization; Ant Colony Algorithm; Memory-Guided Mechanism; Hybrid Algorithm
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Research on RF Performance Stability Test and Reliability
Evaluation of TR Components

Haidong Xiao Jiangxu Gao
Tianjin 1271 Communication and Broadcasting Co., Ltd., Tianjin, 300000, China

Abstract

With the increasing reliability requirements for TR components in phased array radars and high-density communication systems,
the stability of RF performance under complex environmental stresses has become a key factor limiting the long-term operation of
the system. To reveal its degradation mechanism and achieve lifetime prediction, this study establishes a multi-dimensional testing
system that includes temperature cycling, long-term on-off cycling, and high-power impact. The system characterizes the time-
varying characteristics of parameters such as gain, output power, and phase consistency under thermo-electro-mechanical coupling
stresses. By integrating failure physical analysis and accelerated test data, a nonlinear degradation model based on thermal fatigue
crack propagation and electromigration mechanisms is established. Furthermore, multi-stress coupling factors and Bayesian updating
methods are introduced to improve the accuracy of lifetime prediction. This framework provides theoretical support for the reliability
modeling, design improvement, and health management of TR components.

Keywords
TR components; RF performance stability; Reliability evaluation; Accelerated lifetime testing; Degradation model
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Research on the Rerouting and Efficiency Enhancement of
Human Resources and Social Security Service Processes
through Digital Transformation

Sheng Zhang

Quancheng County Human Resources and Social Security Bureau, Heze, Shandong, 274608, China

Abstract

Digital technology has rapidly permeated the field of public governance, providing a driving force for the process reengineering
of social security and social insurance government services. This study is based on the background of digital transformation and
conducts analysis around the structural characteristics, bottleneck links, and collaborative mechanisms of social security government
service processes. It proposes a process reengineering path centered on data-driven, platform support, and intelligent empowerment.
On the basis of discussing process simplification, chain compression, and business integration, it further clarifies the promotion
mechanism of digital transformation on service efficiency, including improvements in processing quality, acceleration of response
speed, and reduction of operating costs. The research aims to reveal the internal logic of digital technology driving process
reconfiguration, and provides a theoretical basis for building a precise, efficient, and sustainable social security and social insurance
government service system.

Keywords

Digital transformation; Social security service administration; Process reengineering; Efficiency improvement; Data governance
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Design and Implementation of Intelligent Control System
for Railway Train Operation from the Perspective of System
Engineering

Xiaobin Jiang
Henan Thinker Information Technology Co.,Ltd., Zhengzhou, Henan, 450001, China

Abstract

With the continuous expansion of high-speed rail and heavy-haul train operations in China, existing railway train control systems
have demonstrated limitations due to inefficient information exchange and poor coordination, failing to meet comprehensive
standards for safe, efficient, and intelligent operations. This study employs systems science theory and methodology, following a
structured approach of “theoretical foundation, requirement analysis, overall design, modular development, and testing verification,”
to conduct theoretical analysis of intelligent electronic control systems for railway trains. It precisely defines system functionalities
and performance parameters, establishing a four-tier architecture of “sensing-control-execution-human-machine interaction” with six
functional modules. By integrating cutting-edge technologies such as BeiDou Navigation, 5G networks, and artificial intelligence,
the system achieves modular integration and rigorous testing validation, ultimately serving as a robust technical backbone for railway
transportation.

Keywords
Systems engineering; Railway train; Intelligent electronic control; System design; Operational safety
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Intelligent Application of UAV Aerial Photography in
Bridge Detection Driven by Deep Learning

Yingbin Huang
Fujian Provincial Construction Group Engineering Co., Ltd., Xiamen, Fujian, 361003, China

Abstract

With the continuous increase in the number of highway bridges and culverts in China and their extended service life, these structures
are prone to developing issues such as cracks, exposed reinforcement, and surface peeling due to environmental and load factors
during operation. Traditional manual inspection methods face challenges including high-altitude hazards, low efficiency, high missed
detection rates, and non-standardized data processing. In contrast, drone aerial photography offers significant advantages like non-
contact operation, wide coverage, and high resolution. Deep learning for drone aerial imagery serves as the core functional module
for intelligent image inspection. This study establishes a technical framework for drone image acquisition and deep learning-based
damage detection, improves the fusion model of YOLOv8s-seg and U-Net, and achieves refined identification, classification, and
quantitative assessment of bridge defects. By integrating this model with 3D imaging, the system enables precise 3D localization of
damages, forming a comprehensive intelligent inspection solution for damage identification.

Keywords
UAV aerial photography; Deep learning; Bridge inspection; Damage identification; 3D modeling
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Application Research of Real-scene 3D and BIM Fusion in
Intelligent Management of Road and Bridge Construction
Based on Python Algorithm

Zhencheng Hu

Fujian Provincial Construction Group Engineering Co., Ltd., Xiamen, Fujian, 361000, China

Abstract

To address industry pain points in traditional road and bridge construction management—including information asymmetry, low
control precision, and delayed decision-making—this paper proposes an integrated 3D real-world modeling and BIM technology
solution using Python algorithms, establishing an intelligent management system covering the entire construction lifecycle. The study
first explains the core principles of BIM technology and 3D modeling, then focuses on Python-based core fusion algorithms including
multi-source data preprocessing, spatial registration, and semantic mapping. A four-tier system architecture comprising data layer,
fusion algorithm layer, functional application layer, and user interface layer is designed, achieving intelligent real-time coordination
of construction progress, quality, safety, and cost. Case validation through a highway bridge project demonstrates that this solution
improves construction schedule deviation detection efficiency by 86%, elevates quality defect detection rate to 98%, and reduces
safety hazard rectification cycle time by 62%. These advancements significantly enhance the digitalization and intelligence of road
and bridge construction management, providing technical references and application paradigms for similar projects.

Keywords
Python algorithm; Real-scene 3D; BIM technology; Road and bridge construction; Intelligent management
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Optimization Design of Anti-interference Algorithm for
Wireless Communication in Urban Rail Transit CBTC System

Zhengfeng Lu
Urumgqi Urban Rail Group Co., Ltd., Urumgqi, Xinjiang, 830000, China

Abstract

The Communications-Based Train Control (CBTC) system serves as the core backbone for the efficient operation of urban rail
transit. Its wireless communication links are responsible for transmitting critical data between trains and ground control centers.
The electromagnetic environment in urban rail transit scenarios is complex, with challenges such as co-channel interference and
multipath interference posing serious threats to the stability and reliability of CBTC system communication, thereby endangering the
safety of train operations. This paper focuses on the anti-interference requirements of CBTC system wireless communication. It first
analyzes the types of interference sources and the shortcomings of existing anti-interference algorithms. Then, it proposes algorithm
optimization design schemes for the physical layer, protocol layer, and network layer, including adaptive spread spectrum algorithms,
dynamic spectrum allocation algorithms, and cross-layer cooperative anti-interference algorithms. Theoretical analysis shows that
the optimized algorithm system can accurately perceive, dynamically avoid, and actively defend against interference, effectively
enhancing the communication robustness of the CBTC system in complex electromagnetic environments and ensuring the safe and
efficient operation of urban rail transit.

Keywords
CBTC system; wireless communication; anti-interference algorithm; optimization design
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